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Abstract 

Distinguishing renal oncocytoma (RO) from 
the eosinophilic variant of chromophobe renal 
cell carcinoma (ChRCC) under the light micro- 
scope is a common diagnostic problem. Our 
recent research has shown significant differ- 
ence between the presence of tumor fibrous 
capsule in ChRCCs and ROs. Transforming 
growth factor beta 1 (TGF-pl) is a potent 
cytokine involved in regulating a number of 
cellular processes. Two main purposes of this 
research were to investigate whether the TGF- 
pl staining could be related to the presence of 
tumor fibrous capsule and if it could be used in 
the differential diagnosis between ChRCC and 
RO. We investigated 34 cases: 16 ChRCCs (8 
eosinophilic and 8 classic) and 18 ROs. All 
available slides of each tumor, routinely 
stained with hematoxylin and eosin (H&E) 
were first analyzed to note the presence of 
tumor fibrous capsule. One paraffin embedded 
tissue block matching the representative H&E 
slide was selected for the immunohistochemi- 
cal analysis. TGF-pl expression was analyzed 
semiquantitatively in the tumor tissue, the 
tumor fibrous capsule, if present and the peri- 
tumoral renal parenchyma. Intensity of TGF-|31 
expression was weaker in ChRCCs than the 
one observed in ROs (P<0.05). The type of 
reaction in ChRCCs was predominantly mem- 
branous unlike in ROs, which exhibited a pre- 
dominantly cytoplasmic reaction (P<0.05). 
Moreover, none of the ROs showed membra- 
nous type of reaction for TGF-pl. In the group 
of ChRCCs, tumors with capsule had statisti- 
cally significant higher quantity of TGF-pi 
expression in tumor tissue and in peritumoral 
renal parenchyma compared to the tumors 
without capsule (P<0.05). Our results showed 
different types of TGF-pi expression in 
ChRCCs and ROs: ChRCCs had predominantly 



membranous type of reaction, and ROs pre- 
dominantly cytoplasmic. Furthermore, ChRCCs 
with capsule had statistically significant high- 
er quantity of TGF-pl expression in tumor tis- 
sue and in peritumoral renal parenchyma com- 
pared to the tumors without capsule. Based on 
these findings we can speculate that it could 
be possible that TGF-pi plays a role in the for- 
mation of fibrous capsule in ChRCCs. 



Introduction 

The distinction of various renal neoplasms 
with eosinophilic features can be very chal- 
lenging. Among these, the most important 
diagnostic problem is distinguishing renal 
oncocytoma (RO) from the eosinophilic vari- 
ant of chromophobe renal cell carcinoma 
(ChRCC). RO is a benign tumor, whereas 
ChRCC is a low-grade malignant tumor that 
has a metastatic potential. Moreover, ChRCC 
may undergo sarcomatoid transformation, 
which is associated with more aggressive 
behavior. 1 Numerous studies have focused on 
the differentiation of these tumors but there is 
still no specific and unequivocal immunohisto- 
chemical or morphologic marker for distin- 
guishing ChRCC and RO. 2 11 12 

Transforming growth factor beta 1 (TGF-pl) 
is a potent, pleiotropic cytokine involved in 
regulating a number of cellular processes 
including proliferation, differentiation, apop- 
tosis, development, tissue repair, cell motility, 
extracellular matrix formation, inflammation, 
immunosuppression, and tumorigenesis. 13 
Positive staining for TGF-pi was observed in 
tubular epithelial cells in the tissue surround- 
ing the tumor capsule of the renal cell carcino- 
ma suggesting its role in capsular formation, 
but the exact mechanism of capsular forma- 
tion is not clearly defined. 14 Our recent 
research has shown significant difference 
between the presence of tumor fibrous capsule 
between ChRCCs and ROs. ChRCCs were more 
often surrounded with fibrous capsule that 
separates tumor tissue from adjacent renal 
parenchyma. 15 

Two main purposes of this research were to 
investigate whether the TGF-pl staining could 
be related to the presence of tumor fibrous 
capsule and if the TGF-pi staining could be 
used in the differential diagnosis between 
ChRCC and RO. 



Materials and Methods 

Materials 

The study was carried out in compliance 
with the Helsinki declaration and approved by 



the institutional ethics committee (no. 30- 
1/07). Pathology reports of histologically con- 
firmed ROs and ChRCCs diagnosed at three 
Departments of Pathology (Sestre Milosrdnice 
University Hospital Centre, Zagreb, University 
Hospital Dubrava, Zagreb and General Hospital 
Varazdin) from the period 2002-2011 were 
reviewed. The diagnosis for all cases was 
established according to the criteria proposed 
by the WHO Classification of Tumors of the 
Urinary System and Male Genital Organs from 
2004. 15 

There were 34 cases in total: 16 (8 
eosinophilic and 8 classic) ChRCCs (M:F=7/9; 
age:42-76 years, mean 60.3) and 18 ROs 
(M:F=6/12; age:46-80 years, mean 66.7). 
Tumor size in the group of ChRCCs ranged 
from 2-16 cm (mean 6.7), and in the group of 
ROs from 0.9-6 cm (mean 3.1). 

Methods 

All available slides of each tumor, routinely 
stained with hematoxylin and eosin (H&E) 
were first analyzed to note the presence of 
tumor fibrous capsule. One paraffin embedded 
tissue block matching the representative H&E 
slide was selected for the immunohistochemi- 
cal analysis. Deparaffinization and immuno- 
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histochemical staining were performed after 
the microwave streptavidin immunoperoxi- 
dase protocol on a DAKO Tech-Mate TM 
Horizon automated immunostainer (Dako, 
Copenhagen, Denmark). We used primary 
monoclonal antibody to TGF-|31 (ab74525, dilu- 
tion 1/25; Abeam, Cambridge, UK). Human pla- 
centa tissue served as positive control, and 
replacement of the primary antibody with iso- 



type-matched immunoglobuline was used as a 
negative control. TGF-|31 expression was ana- 
lyzed semiquantitatively in the tumor tissue, 
the tumor fibrous capsule, if present and the 
peritumoral renal parenchyma. In tumor tissue 
reaction was grouped by intensity, quantity 
and type of staining as follows: intensity - 
absent, weak, medium, strong; quantity - no 
positive tumor cells (0), <10% of cells (+), 10- 



50% of cells (++), >50% of cells (+++); type - 
membranous, mixed, cytoplasmic. In the 
tumor fibrous capsule and the peritumoral 
renal parenchyma reaction was grouped by 
intensity and quantity as follows: intensity - 
absent, weak, medium, strong; quantity - no 
positive cells (0), <10% of cells (+), 10-50% of 
cells (++), >50% of cells (+++). 
All samples were examined independently 



Table 1. Pathohistologic data and results of immunohistochemical staining for TGF-|3l in chromophobe renal cell carcinoma. 



N. 


Type 


Tumor size (cm) Capsule 


Intensity 


Tumor tissue 
Quantity Type 


Capsule 
Intensity Quantity 


Parenchyma 
Intensity Quantity 


1 


c 


6.5 


Present 


Weak 


+++ 


Mix 


Weak 


+ 


Medium 


+++ 


2 


E 


12 


Present 


Weak 


++ 


M 


Weak 


+ 


Medium 


+++ 


3 


E 


3 


Present 


Weak 


+++ 


M 


Weak 


+ 


Medium 


+++ 


4 


C 


4.5 


Present 


Weak 


+++ 


M 


Weak 


++ 


Medium 


+++ 


5 


E 


5.5 


Present 


Weak 


+++ 


M 


Weak 


++ 


Medium 


+++ 


6 


C 


7.2 


Present 


Medium 


+++ 


M 


Weak 


++ 


Strong 


+++ 


7 


C 


4.7 


Present 


Weak 


+++ 


M 


Medium 


++ 


Medium 


+++ 


8 


E 


5.5 


Present 


Medium 


+++ 


Cy 


Weak 


+ 


Medium 


+++ 


9 


E 


10.5 


Present 


Medium 


+++ 


Mix 


Medium 


++ 


Weak 


+++ 


10 


C 


6 


Present 


Medium 


+++ 


M 


Weak 


++ 


Weak 


+++ 


11 


E 


2 


Present 


Weak 


+++ 


M 


Weak 


+ 


Weak 


+++ 


12 


E 


10 


Present 


Weak 


+++ 


Mix 


Weak 


+ 


Medium 


+++ 


13 


E 


5.5 


Present 


Medium 


+++ 


M 


Medium 


++ 


Medium 


+++ 


14 


E 


3.5 


Absent 


Weak 


++ 


M 


/ 


/ 


Strong 


+++ 


15 


C 


16 


Absent 


Weak 


+ 


M 


/ 


/ 


Weak 


++ 


16 


C 


4.5 


Absent 


Weak 


+++ 


Mix 


/ 


/ 


Weak 


+++ 


C, classic; E, eosinophilic; Mix, mixed; M, membranous; Cy, cytoplasmic; +, <10% of positive cells; ++, 10-50% of positive cells; +++, >50°/i 


) of positive cells. 






Table 


2. Pathohistologic data and results of immunohistochemical staining for 


TGF~pi in renal oncocytoma. 






N. Tumor size (cm) 


Capsule 


Ti] 

Intensity 


imor tissue 
Quantity 


Type 


Capsule 
Intensity Quantity 


Parenchyma 
Intensity Quantity 


1 




1.5 


Present 


Medium 


+++ 


Cy 


Medium 


+++ 


Medium 


+++ 


2 




3 


Present 


Weak 


+++ 


Cy 


Medium 


+++ 


Medium 


+++ 


3 




1.7 


Present 


Medium 


+++ 


Cy 


Medium 


++ 


Medium 


+++ 


4 




6 


Present 


Medium 


+++ 


Mix 


Medium 


++ 


Medium 


+++ 


5 




4 


Present 


Weak 


+++ 


Mix 


Weak 


++ 


Weak 


+++ 


6 




2.5 


Present 


Strong 


+++ 


Cy 


Medium 


++ 


Medium 


++ 


7 




3 


Present 


Strong 


+++ 


Mix 


Medium 


+ 


Strong 


+++ 


8 




2.5 


Present 


Medium 


+++ 


Cy 


Weak 


+ 


Weak 


+++ 


9 




2.5 


Absent 


Medium 


+++ 


Mix 


/ 


/ 


Medium 


+++ 


10 




2.2 


Absent 


Weak 


++ 


Cy 


/ 


/ 


Medium 


++ 


11 




0.9 


Absent 


Medium 


+++ 


Cy 


/ 


/ 


Medium 


+++ 


12 




4 


Absent 


Medium 


+++ 


Cy 


/ 


/ 


Medium 


+++ 


13 




5.5 


Absent 


Medium 


+++ 


Cy 


/ 


/ 


Weak 


+++ 


14 




2.5 


Absent 


Strong 


+++ 


Mix 


/ 


/ 


Strong 


+++ 


15 




3.5 


Absent 


Strong 


+++ 


Cy 


/ 


/ 


Strong 


+++ 


16 




2.5 


Absent 


Weak 


+++ 


Cy 


/ 


/ 


Weak 


+++ 


17 




3.5 


Absent 


Weak 


+++ 


Cy 


/ 


/ 


Weak 


+++ 


18 




4 


Absent 


Weak 


+++ 


Cy 


/ 


/ 


Weak 


+++ 



Mix, mixed; Cy, cytoplasmic; +, <10% of positive cells; ++, 10-50% of positive cells; +++, >50% of positive cells. 
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by three observers (AD, ZM and DT) and any 
difference was resolved by a joint review. 

Statistical analysis 

Statistical analysis was done using Pearson 
X 2 -test, Spearman's correlation test, Fisher's 
exact test and Mann-Whitney test. A P value 
<0.05 was considered to be statistically signif- 
icant. 



Results 

Tumor fibrous capsule was present in 13/16 
cases (81.3%) of ChRCCs and in 8/18 cases 
(44.4%) of ROs. Statistical analysis showed 
significant difference between the presence of 
fibrous capsule in these two observed tumor 
groups (P<0.05). In cases of ChRCCs the cap- 
sule was found to encompass the whole tumor 
circumference on the examined slides. In 
cases of ROs with capsule it was formed only 
partially and incompletely encircled the tumor 
tissue. Relevant pathohistologic data and 
results of immunohistochemical staining are 
summarized in Tables 1 and 2. Tumor tissue of 
all cases of ChRCCs and ROs showed positive 
immunohistochemical reaction for TGF-|31. 
Intensity of TGF-|31 expression was weaker in 
ChRCCs than the one observed in ROs 
(P<0.05). The type of reaction in ChRCCs was 
predominantly membranous unlike in ROs, 
which exhibited a predominantly cytoplasmic 
reaction (P<0.05) (Figures 1 and 2). Moreover, 
none of the ROs showed membranous type of 
reaction for TGF-pl. The intensity and quanti- 



ty of TGF-(31 expression in tumor capsule and 
peritumoral renal parenchyma, regardless of 
the capsule presence, did not show any differ- 
ences between ChRCCs and ROs (P>0.05). 

In the group of ChRCCs, tumors with cap- 
sule had statistically significant higher quanti- 
ty of TGF-|31 expression in tumor tissue and in 
peritumoral renal parenchyma compared to 
the tumors without capsule (P<0.05). In the 
group of ROs the intensity and quantity of TGF- 
|31 expression in tumor tissue and peritumoral 
renal parenchyma, regardless of the capsule 
presence, did not show any differences 
(P>0.05). 



Discussion 

ChRCC and RO are both rare renal neo- 
plasms: ChRCC accounts for 5% and RO repre- 
sents 3% to 9% of all primary renal tumors. 16 In 
most cases, classic ChRCC can be easily differ- 
entiated from RO based on H&E microscopic 
slides. The distinction between the 
eosinophilic variant of ChRCC and RO is chal- 
lenging in the majority of cases. Considering 
their different biological behavior, ChRCC and 
RO must be diagnosed properly. On the H&E 
stained slides RO has uniform, round nuclei 
and discrete nucleoli. ChRCC more often has 
hyperchromatic, irregular wrinkled nuclei, 
prominent nucleoli and perinuclear halos. 910 

There have been numerous studies that 
explored the possible use of various immuno- 
histochemical markers in differentiation of RO 
from ChRCC. Zheng et al? investigated the 



expression of LMP2 with promising results: 
they reported that nuclear positivity for LMP2 
favors the diagnosis of eosinophilic ChRCC but 
the number of cases seems insufficient to 
make final conclusions. 2 Fernandez-Acenero et 
al. 3 also explored a wide immunohistochemical 
panel for the differential diagnosis of renal 
tumors with oncocytic features, including 
cytokeratins 7 and 20, CD117, CD10, p53, prog- 
esterone and racemase and found no specific, 
single marker for the accurate diagnosis of 
these tumors. 3 Other explored immunohisto- 
chemical markers include kidney-specific cad- 
herin, cytokeratin 7, KIT and PAX 2, claudin-7 
and 8, MAGE-A3/4, NY-ESO-1, caveolinl, CD63 
and cytokeratin 14. 4 81112 TGF-|31 is a cytokine 
involved in regulating a number of cellular 
processes including proliferation, differentia- 
tion, apoptosis, development, tissue repair, cell 
motility, extracellular matrix formation, 
inflammation, immunosuppression, and 
tumorigenesis. 13 TGF-|31 induces differentia- 
tion of fibroblasts to myofibroblasts in a num- 
ber of physiologic and pathologic processes. 17 19 
Shimasaki et al. u observed positive staining 
for TGF-pl in tubular epithelial cells in the tis- 
sue surrounding the tumor capsule of the renal 
cell carcinoma suggesting its role in capsular 
formation. Tubular epithelial cells positive for 
TGF-|31 were restricted to the surrounding 
area of the tumor, whereas epithelial cells in 
tubules away from the capsule had no positive 
reaction for TGF-|31. 14 However, their research 
consisted of nineteen renal tumors, 17 conven- 
tional renal cell carcinomas, and only 2 
ChRCCs, and this number of cases seems 
absolutely insufficient. We have previously 




Figure 1. Membranous type of reaction for TGF-pl in chromo- Figure 2 Cytoplasmic type of reaction for TGF-|3l in renal onco- 
phobe renal cell carcinoma. Scale bar: 70 um; scale bar in inset: cytoma. Scale bar: 70 um; scale bar in inset=30 um. 
30 um. 
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shown that ChRCCs were more often sur- 
rounded with fibrous capsule than ROs. 15 In 
the present study we investigated the TGF-pl 
expression in ChRCCs and ROs, in tumor 
fibrous capsule, if it was present and in peritu- 
moral renal parenchyma. Two main purposes 
of this research were to investigate whether 
the TGF-pi staining could be related to the 
presence of tumor fibrous capsule and if the 
TGF-|31 staining could be used in the differen- 
tial diagnosis between ChRCC and RO. Our 
results showed different types of TGF-|31 
expression in ChRCCs and ROs: ChRCCs had 
predominantly membranous type of reaction, 
and ROs predominantly cytoplasmic. Moreover, 
none of the ROs showed membranous type of 
reaction for TGF-pl. In addition, the intensity 
of TGF-pi expression was significantly weaker 
in ChRCCs compared to ROs. 

These findings could be useful in forthcom- 
ing investigations of immunohistochemical 
markers that could be used for the differential 
diagnosis of ChRCC and RO. However, larger 
number of cases should be analyzed to confirm 
the potential value of TGF-pl staining in dif- 
ferential diagnosis between ChRCC and RO. 
The results of the present study confirmed that 
ChRCCs are more often surrounded by fibrous 
capsule than ROs. Furthermore, ChRCCs with 
capsule had statistically significant higher 
quantity of TGF-|31 expression in tumor tissue 
and in peritumoral renal parenchyma com- 
pared to the tumors without capsule. Based on 
these findings we can speculate that it could 
be possible that TGF-pl plays a role in the for- 
mation of tumor fibrous capsule in ChRCCs. 
Similar findings are also reported by 
Shimasaki et al. u However, the exact process 
of capsule formation in the above mentioned 
tumors remains an enigma. Another interest- 
ing finding that appeared in this study was 
that the intensity of TGF-|31 expression was 
weaker in ChRCCs than in ROs, independently 
of the capsular presence. It is known that TGF- 
|3 has a dual role in tumors. It can act as a 
tumor suppressor or become an oncogenic fac- 
tor. 20 In normal epithelium TGF-|3 inhibits cell 
proliferation and induces apoptosis, but during 
tumorigenesis it gains pro-oncogenic func- 
tion. 21 It could be only speculated that, con- 
cerning its stronger intensity in ROs these 
tumors remain inhibited by the tumor suppres- 
sor activity of TGF-p, therefore behaving as 
benign tumors whereas levels of TGF-|3 in 
ChRCCs are insufficient, leaving a small possi- 
bility for malignant behavior of these tumors. 
However, the connection between the biologi- 
cal function of TGF-|31 and its immunohisto- 
chemical expression in these groups of tumors 
has to be analyzed more thoroughly, in a 
prospective study and preferably on a larger 
number of cases. We believe that ChRCCs and 
ROs are an excellent model for the investiga- 



tion of the capsule formation considering their 
similar microscopic appearance but different 
biological behavior as well as a fact that 
ChRCCs are indeed more often encompassed 
by fibrous capsule than ROs. 

Future investigations should be focused on 
the detection of mechanisms that lead to 
tumor capsule formation in ChRCCs and ROs. 
Hopefully, this could reveal potential discrimi- 
nating markers between ChRCC and RO. 
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